We present an analysis of age, metal abundance, and positional data on populous clusters in the Small Magellanic Cloud (SMC) with the ultimate aim of determining the line-of-sight (LOS) depth of the SMC using these clusters as proxies. Our dataset contains 12 objects and is limited to clusters with the highest quality data for which the ages and abundances are best known and can be placed on an internally consistent scale. We have analyzed the variation of the clusters' properties with position on the sky and with line-of-sight depth. Based on this analysis, we draw the following conclusions. 1) The observational data indicates that the eastern side of the SMC (facing the LMC) contains younger and more metal-rich clusters as compared with the western side. This is not a strong correlation because our dataset of clusters is necessarily limited, but it is suggestive and warrants further study. 2) Depending on how the reddening is computed to our clusters, we find a mean distance modulus that ranges from 
Introduction
The effect of interactions/mergers on the star formation histories of galaxies has become a field of intense activity (e.g. Carlson et al. 1998; Whitmore et al. 1999; Elmegreen et al. 2000) . While many investigators have studied distant galaxy systems as a means of addressing this question, the Milky Way / Large Magellanic / Small Magellanic Cloud system provides a nearby example that is especially profitable scientifically (e.g . Gardiner 1999 ). This is because the relative proximity of these galaxies allows us to perform detailed age and abundance studies of individual field and cluster stars. Given the possibility that the Milky Way and other spiral galaxies formed via the accretion/merger of dwarf satellite galaxies (Searle & Zinn 1978; Côté et al. 2000) , understanding the interplay between dynamical interactions and star formation is important in unlocking the secrets of galaxy formation.
One of the first pieces of evidence for the occurrence of dynamical interactions in the Milky Way/LMC/SMC system was the discovery of the Magellanic Stream by Wannier & Wrixon (1972) . Welch et al. (1987) , Westerlund (1990) , Bica & Schmitt (1995) and Bica et al. (1999) discuss evidence for interactions between the Clouds based on the spatial distributions of stellar population tracers, such as the star clusters, associations, and emission nebulae. The recent work of Kunkel et al. (2000) reviews the formation of the Magellanic Stream and the interactions between the Large and Small Magellanic Clouds in detail. There is a fair amount of evidence, both from simulations (Murai & Fujimoto 1980) and observations (Mathewson et al. 1988; Hatzidimitriou et al. 1989a; Gardiner & Hawkins 1991 ) that, as a result of these interactions, the SMC may extend beyond its tidal radius. Some authors (Mathewson 1984; Mathewson et al. 1986 ) have even suggested that the SMC has split into two components: the Mini Magellanic Cloud (MMC) and the SMC Remnant. In a contrasting view, Welch et al. (1987) utilize infrared observations of cepheids to assert that the spatial extent of the SMC is well within its tidal radius. One of the most important pieces of evidence in determining the validity of these claims is the overall line of sight (LOS) depth of the Small Magellanic Cloud (SMC).
The most extensive series of papers dealing with the LOS depth of the SMC are those by Hatzidimitriou et al. (1989a) , Hatzidimitriou et al. (1989b) , Gardiner & Hawkins (1991) , and Gardiner & Hatzidimitriou (1992) . These authors studied the depth of the SMC using the magnitude spread of the horizontal branch/red clump (HB/RC) stars among the SMC field population. Their photographic survey, augmented by CCD observations of select fields, was quite extensive, covering 48.5 square degrees centered on the SMC. The basic premise of their investigation was that the magnitude of the HB/RC stars is mainly affected by distance and photometric errors but minimally influenced by the physical properties of the stars themselves, such as metallicity and age. Based on this assumption, they conclude that, not only is the SMC significantly dispersed in the LOS direction, but that the amount of dispersion varies with position on the sky. For example, the northeastern region located more than 2 kpc from the optical center suffers the greatest LOS dispersion with an average LOS depth of 17 kpc and a maximum of 23 kpc. In contrast, the analogous region located in the southwest displays a depth that is ∼10 kpc shallower on average. In addition, most of the areas to the north and northwest of the optical center display a depth of between 4 and 9 kpc.
In the years since these landmark studies, there has been some controversy about the age and metallicity sensitivity of the red clump absolute magnitude. The reader is referred to the papers by Paczyński & Stanek (1998) , Udalski (1998) , Cole (1998 ), Sarajedini (1999 , and Girardi & Salaris (2000) for some perspective on this question. The degree of sensitivity could have a significant effect on the derived LOS depth of the SMC based on the magnitude of the red clump. One way to explore the extent of this effect is to use observations of red clumps in SMC star clusters where we can define the age and metallicity far more precisely than in field star populations.
In order to explore the LOS depth of the SMC and the effect of assumptions concerning the variation of the red clump absolute magnitude, we have studied the distances to twelve SMC populous clusters that possess red clumps. These clusters are located all across the face of the SMC and span over three degrees in declination and almost one hour in right ascension. There are also several clusters near the right ascension of the optical center of the
• 49 ′ 43 ′′ ). We will determine distances to these clusters assuming first that the sensitivity of the RC to age and metallicity is negligible, and then that the sensitivity is significant and is well-described by theoretical models. In Section 2, we will outline the sources from which the data were drawn and discuss the observational quantities obtained from the data. Section 3 is concerned with the theoretical isochrones and their calibration. Section 4 presents a discussion of our findings with regard to the depth of the SMC, as well as correlations between various cluster parameters. Finally, Section 5 presents the results and conclusions.
Observational Data
The observational data for this study, twelve SMC populous clusters spanning a range of ages and metallicities but all possessing predominantly red horizontal branches, are of three different pedigrees. Seven of the clusters (Lindsay 113, Kron 3, NGC 339, NGC 416, NGC 361, Lindsay 1, NGC 121) are taken from Mighell et al. (1998) Piatti et al. (2001) . These data were obtained in the C and T 1 filters of the 
Reduction of HST Observations
The standard image processing steps (de-biasing, flat-fielding, creating a bad pixel mask, etc) were performed by the Canadian Astronomy Data Centre 6 . The data reduction procedure was similar to that employed by Sarajedini (1998) and the reader is referred to that paper for more details. 7 Using DAOPHOT II (Stetson 1994) , we measured the magnitude of all detected profiles on each CCD (PC1, WF2, WF3, and WF4) within a radius of 2 pixels. Aperture corrections to a 0.5" radius (10.87 PC1 pixels, 5 WF pixels)
were then determined using 30 to 50 of the brightest uncrowded stars on each frame.
With the aperture corrections applied, the F450W and F555W photometry was matched to form colors and transformed to the standard system of Holtzman et al. (1995) . A 12% charge transfer efficiency correction in the y-axis direction was applied following the recommendations of Holtzman et al. (1995) for observations taken at an operating temperature of −76 • C. Using this reduction procedure, Sarajedini (1998) 7 While these observations were reduced in the work of Rich et al. (2000) , one of the most important concerns in the present study is internal consistancy, so we have re-reduced these images in the same way as the other HST clusters. Note that our results do not vary significantly from those of Rich et al. (2000) .
Red Clump Magnitude
In the case of the Mighell et al. (1998) clusters, the peak V magnitude of the red clump has already been computed and appears in their Table 9 . 8 For the remaining two sets of data (Piatti et al. 2001 and the HST photometry), color magnitude diagrams were first constructed as shown in Figures 2 through 5. On each of these diagrams, a box was drawn encompassing the location of the red clump in each cluster. The median V magnitude of the stars in that box was taken to be representative of the peak V magnitude of the red clump (V (RC)). The median was used to minimize the effect of outliers on V (RC). Errors in the red clump magnitude were calculated from the standard error about the median. For NGC 411 and NGC 152, an additional error of 0.05 mag has been added due to uncertainties in the absolute photometric scale (see Mighell et al. 1998 ). These apparent magnitudes are provided in Table 2 .
In the case of NGC 411 and NGC 152, there may be a concern that the measured red clump magnitude of the cluster has been unduly influenced by the red clump of the SMC field surrounding each cluster. Keeping in mind that the cluster was centered in the planetary camera (PC1), it is reasonable to assume that the cluster stars, and thus the cluster red clump, will be most prominent in the PC1 image. Indeed, we find this to be the case both for NGC 152 ( Figure 3 ) and NGC 411 (Figure 4 ), where more red clump stars per unit area 9 are present in the planetary camera as compared with the wide field chips.
We find that the value of V (RC) for the wide field cameras is identical to that of PC1.
Therefore, we can safely combine the CMDs of all of the frames ( Figure 5 ) and determine V (RC) from the composite CMD.
As mentioned above, the observations of Piatti et al. (2001) were obtained using the Washington (Canterna 1976 ) photometric system. The Washington system consists of four different filters, some of which roughly approximate those in the Johnson-Kron-Cousins UBVRI system. Geisler (1996) has provided robust relations that can be used to convert between these two systems. We begin by transforming the T 1 magnitude of the red clump to Johnson V using the coefficients in Table 4 of Geisler (1996) . In order to do this, it was first necessary to transform the RC T 1 magnitude into an R magnitude. From there,
we converted the C − T 1 color into a V − R color. Having R and V − R, we then simply determined the V magnitude of the red clump. The errors in V (RC) were calculated by transforming T 1 + 1σ T 1 and T 1 − 1σ T 1 into V magnitudes and using those values to deduce the standard error about the median in V . In addition to these standard errors, there was an uncertainty introduced when the transformation was applied. These errors, which are presented in Table 4 of Geisler (1996) , were added in quadrature to the standard errors about the median to obtain the total uncertainty in V (RC).
We note that the clusters K28, L38, and K44 are located near the optical center of the SMC where the field star contamination is high. As a result, we have used the field subtracted photometry for these clusters derived by Piatti et al. (2001) and plotted in Figure 2 . We have used the median to compute the red clump magnitude because it is relatively insensitive to which subset of cluster stars are used to locate the red clump.
Interstellar Extinction
We seek an approach that yields internally consistent reddenings for each of our
clusters. As such, we have avoided using individual literature values for each cluster opting instead to utilize the reddening maps of Burstein & Heiles (1982) and Schlegel et al. (1998) .
First, the traditional Burstein & Heiles (1982) (hereafter BH) reddening maps are based primarily on HI column densities at declinations appropriate for the SMC. Second, the more modern COBE/DIRBE reddening maps of Schlegel et al. (1998) (hereafter SFD) provide all-sky extinction values determined from the infrared emission of interstellar dust. In this study, we will make use of both of these options making sure to point out significant differences in the analysis as they occur. To determine A V , we have adopted (Cardelli et al. 1989; Schlegel et al. 1998 ). Since no formal errors are given by the maps, the errors in the reddening are taken to be 10% of the reddening value itself.
Ages and Metallicities
Because the cluster age and metallicity could influence the luminosity of the red clump (Sarajedini 1999; , we also require knowledge of these quantities in order to determine the absolute red clump magnitude (M V (RC)) and thus the distance to each cluster. Published values were adopted for these quantities as given in Table   2 . The majority are from the previously mentioned Mighell et al. (1998) work, where a large amount of our photometric data originated. The metallicities for these clusters were determined using the simultaneous reddening and metallicity (SRM) method of Sarajedini (1994) as well as a new calibration of the RGB slope as a function of metallicity, both of which are on the Zinn & West (1984) abundance scale. The ages of the clusters in Mighell et al. (1998) were determined via the technique described by Sarajedini, Lee, & Lee (1995) , which uses the difference between the RGB color and the age-sensitive HB color, corroborated by isochrone comparisons to the main sequence turnoff regions. 10 Their age scale assumes that Lindsay 1 is 9 Gyr old (Olszewski et al. 1996) .
In the case of the three clusters from the work of Piatti et al. (2001) , the metal abundances are a result of comparing the observed RGBs of the clusters with the standard RGBs in the Washington photometric system set up by Geisler & Sarajedini (1999) . Note that Kron 28 has a different metal abundance depending on whether Piatti et al. (2001) adopt the Burstein & Heiles (1982) reddening maps or those of Schlegel et al. (1998) (see Section 4). This is indicated in Table 2 by listing two numbers with the latter in parenthesis. The ages of these clusters rely upon the magnitude difference between the red clump and the main sequence turnoff along with a calibration provided by Geisler et al. (1997) that relates this magnitude difference to age. Again, the metal abundances are on the scale of Zinn & West (1984) , and the age scale assumes 9 Gyr for Lindsay 1.
Lastly, we consider the clusters whose photometry was measured specifically for the present study. The metallicity of NGC 411 has been determined in Alves & Sarajedini (1999) using the same SRM method (Sarajedini 1994) as Mighell et al. (1998) . Because NGC 411 is significantly younger than the other clusters, however, Alves & Sarajedini (1999) use a formulation for Galactic open clusters from Noriega-Mendoza & Ruelas-Mayorga (1997), which yields an abundance that is in good agreement with other determinations.
To estimate the metal abundance of NGC 152, we utilize the same technique employed by 10 Mighell et al. (1998) correctly point out that age estimates for their clusters based only on the main sequence turnoff would be subject to significant uncertainty. This is because the short exposure archival HST observations on which their study is based result in unacceptably large photometric scatter in the region of the turnoff. If Mighell et al. had relied solely on the magnitude and color of the turnoff to determine the cluster ages, they would not have attained the high level of precision that ultimately resulted from their analysis. Alves & Sarajedini (1999) in the case of NGC 411. We begin by fitting a polynomial to the RGB. This is then input into the SRM method as modified by Noriega-Mendoza & Ruelas-Mayorga (1997), which yields a metallicity of [F e/H] = −0.94 ± 0.15 for NGC 152.
The age of NGC 411 was determined by Alves & Sarajedini (1999) using the Bertelli et al.
(1994) isochrones fitted to the main sequence turnoff. They find that NGC 411 is 1.4 ± 0.2 Gyr old. Using these same isochrones, Mighell et al. (1998) find an age of 9 ± 1 Gyr for Lindsay 1. Because our age scale is based on Lindsay 1 being 9 Gyr old, no correction has been applied to the age of NGC 411. For the age of NGC 152, we again employ the technique of Alves & Sarajedini (1999) and fit the Bertelli et al. (1994) isochrones to our CMD which, like the case of NGC 411, yields an age of 1.4 ± 0.2 Gyr for NGC 152.
To close out this section, we seek to compare our cluster ages and metallicities with dex and ∆Age = −0.5 ± 0.5 Gyr. These differences are not statistically significant and thus provide support for the validity of our cluster ages and abundances.
Theoretical Isochrones
In order to determine the variation of the red clump absolute magnitude [M V (RC)]
with age and metal abundance, we utilize the theoretical horizontal branch models of (see also Girardi & Salaris (2000) ), which span the metallicity range from Z=0.0004 to Z=0.030; additional models with Z=0.0001 were kindly provided by Leo
Girardi. There is now abundant evidence supporting the validity of these theoretical models for the purpose of the present analysis. Not only is there the work of Sarajedini (1999) and which compare the models to open cluster red clumps, but there is also the work of Girardi (1999) and Girardi & Salaris (2000) shown by the dashed line. For ages younger than ∼2 Gyr, the isochrones become fainter again before reversing course and brightening for ages younger than ∼1.2 Gyr. We utilize isochrones as young as 1 Gyr in our calculations. In order to calibrate the distance scale of the theoretical models to observational data, we rely upon M V (RC), age, and metallicity
values for eight open clusters from Sarajedini (1999) . In that work, the distance modulus to each open cluster was determined using main sequence fitting to M67, which was in turn fitted to the solar abundance Bertelli et al. (1994) isochrones. Utilizing the distance determined via this method, along with V (RC), Sarajedini (1999) mag to bring them onto the distance scale of Sarajedini (1999) . These calibrated models were then used to determine the absolute magnitude of the red clump for the twelve clusters in this work as described in the next section.
Results and Discussion
Using the theoretical isochrones illustrated in Fig. 6 , we are able to determine the absolute magnitude of the red clump (M V (RC)) for the twelve clusters in our sample.
These absolute magnitudes, when coupled with the measured apparent magnitude of the red clump (V (RC)) and the interstellar extinction (E(B − V )), yield the distance to each cluster. The total error in the distance includes errors in the values of M V (RC), V (RC) and A V .
The resultant distances are listed in Table 3 under different assumptions for the variation of M V (RC) (line 1 and 2 for each cluster) and the adopted reddenings (columns 3 and 4 for each cluster). We consider four distinct scenarios. 1) The absolute magnitude of the red clump is influenced by age and metallicity, as given in Fig. 6 , coupled with the BH reddening values. 2) This is the same as (1) except that we adopt the SFD reddenings.
3)
The absolute magnitude of the red clump is not influenced by age and metallicity, in which case we adopt the mean M V (RC) of our 12 clusters ( M V (RC) = 0.56 ± 0.04), along with the BH reddening values. 4) This is the same as (3) except that the SFD reddenings are used.
Given these cluster distances computed under various assumptions, we can calculate the mean distance modulus of our 12 clusters. Under assumptions (1) and (3) above, both of which use the BH reddenings, we find (m − M) 0 = 18.82 ± 0.05, while assumption (2) and (4) With the line-of-sight distance to the clusters and accurate positions in right ascension and declination (Welch 1991) , we are able to determine the distribution of these clusters in three dimensional space. While the small number of clusters available to us represents a limitation in studying the overall structure of the SMC, it does allow us to examine the principal focus of this work, which is the overall depth of the SMC (Section 4.2).
Correlations Between Observed and Derived Quantities
As an initial examination of the observational data, Fig. 7 shows the extinctioncorrected red clump magnitudes for our 12 clusters as a function of their metal abundances and ages. The former has been calculated using V (RC) along with the extinction values inferred from both the BH and SFD reddening maps. Taking into account the selection effects and the small number of clusters, Fig. 7 displays no apparent trends.
We can also examine the behavior of the variation of cluster age and metal abundance as a function of position on the sky as shown in Fig. 8 . Note that Kron 28 has been plotted with the metallicity inferred by its BH reddening. There are no definite trends apparent in Fig. 8 , and, given the selection effects and the small number of clusters, it is difficult to unequivocally isolate a specific variation; however, the data do hint at a possible correlation.
There is a tendency for the clusters to be younger and more metal-rich on the eastern side of the SMC (facing the LMC) as compared with the western side. This phenomenon was also noted by Gardiner & Hatzidimitriou (1992) ; they linked it to the past interactions between the SMC and LMC. However, Gardiner & Hatzidimitriou (1992) speculate that, instead of stimulating star formation in this region, the interaction with the LMC 'pulled out' this region from the SMC exposing its existing stellar populations (Piatti et al. 2001 ).
Given the cluster distances in Table 3 , Fig. 9 illustrates the behavior of this distance with position on the sky. Here we have computed the angular offsets in Right Ascension and Declination from the optical center of the SMC (Sec. 1) and converted this to a linear distance using the distance to each cluster. Once again, the small number of clusters prevents us from making any definitive statements. However, it is important to point out that several previous studies based on the positions of SMC field stars - Hatzidimitriou et al. (1989b) for red clump stars, Mathewson et al. (1986 Mathewson et al. ( , 1988 for Cepheids, and Kunkel et al. (2000) for carbon stars -have concluded that the northeastern portion of the SMC is closer to us while the southwestern region is farther away. In contrast, as shown in Fig.   9 , the 12 SMC clusters studied herein display little or no evidence of this inclination. If this result is not simply due to the small number of clusters and continues to hold up as more clusters are added to the database, it indicates that the SMC field stars do not share in the spatial properties of the clusters. The extant kinematical information (Da Costa & Hatzidimitriou 1998) suggests that both of these components possess similar velocity characteristics, i.e. no significant rotation. In any case, there appears to be a paucity of observational data -both for the clusters and field stars -to allow an adequate treatment of this apparent discrepancy.
The Depth of the Populous Clusters
To estimate the line of sight depth of the SMC, we consider the standard deviation (σ obs ) of the cluster distances using the small-sample statistical formulae of Keeping (1962) .
We note that σ obs is influenced by two factors: 1) The intrinsic depth of the clusters along the line of sight (σ int ), and 2) the fact that each of our cluster distances is also affected by measurement errors (σ err ). These two factors combine in quadrature to create the overall observed standard deviation:
The intrinsic standard deviation is then σ 2 obs − σ 2 err .
In Table 4 , we present the results of this analysis under the four different assumptions outlined above. First, if the red clump magnitude is sensitive to age and abundance, then, using the curves illustrated in Fig. 6 and the BH reddenings (M V (RC) + BH), we find an intrinsic 1-σ depth of σ int = 3.2 ± 0.7 kpc. On the other hand, if we adopt the SFD reddenings (M V (RC) + SFD), a 1-σ depth of σ int = 3.7 ± 0.8 kpc results. If the red clump magnitude is insensitive to age and metallicity, then, using the mean M V (RC) of our clusters along with the BH reddenings ( M V (RC) + BH) produces an intrinsic SMC depth of σ int = 3.9 ± 0.8 kpc. This result is modified significantly if we instead utilize the SFD reddenings ( M V (RC) + SFD), in which case σ int = 6.0 ± 1.2 kpc.
Therefore, regardless of which assumption we make for the absolute magnitude of the red clump, the statistically significant range of distances among the populous clusters indicates that the SMC does indeed exhibit a substantial extent in the LOS direction in agreement with several previous investigations. Using the language of Gardiner & Hawkins (1991) , our data indicate that the SMC has a mean "2-σ depth" (i.e. ±1σ) of between ∼ 6 kpc and ∼ 12 kpc. This is consistent with the values quoted by Gardiner & Hawkins (1991) , which lie anywhere between 4 and 16 kpc depending on which portion of the SMC one is observing.
There is one potentially important caveat to keep in mind when comparing our LOS depth results to those of Hatzidimitriou et al. (1989a) and Gardiner & Hawkins (1991) . These studies calculated the LOS depth by observing several relatively small field regions distributed around the SMC and using the height of the red clump (corrected for photometric errors) as a depth indicator. The overall depth is then the numerical average of these individual depths. Even though Fig. 9 does not suggest the existence of an inclination among the SMC clusters, if there is a significant global inclination to the SMC (field stars and clusters) relative to the line of sight, then our LOS depth as calculated using equation 1 will be systematically larger than those quoted by Hatzidimitriou et al. (1989a) and Gardiner & Hawkins (1991) .
To give the reader some 'perspective' on the distribution in space of the SMC clusters,
Figs. 10a and b show a three-dimensional plot of the 12 star clusters in the present study under assumptions (1) and (2), respectively. Figures 9 and 10 suggest that the SMC appears to be a triaxial galaxy. Adopting the Declination, Right Ascension, and LOS depth as the three axes, we find axial ratios of approximately 1:2:4.
Conclusions
In this work, we have compiled published photometry for 12 Small Magellanic Cloud populous clusters that possess helium burning red clumps. After adopting metallicities on the Zinn & West (1984) scale and ages on a scale where Lindsay 1 is 9 Gyr old, we have analyzed the variation of these properties with position on the sky and with line-of-sight depth. Based on this analysis, we draw the following conclusions.
1) The observational data indicate that the eastern side of the SMC (facing the LMC)
contains younger and more metal-rich clusters as compared with the western side. This is not a strong correlation because our dataset of clusters is necessarily limited, but it is suggestive and warrants further study.
2) Using theoretical models describing the luminosity of the red clump and its variation with 3) The intrinsic ±1-σ line-of-sight depth of the SMC populous clusters in our study lies between ∼ 6 kpc and ∼ 12 kpc depending on assumptions regarding the variation of red clump luminosity and the amount of interstellar reddening. The models indicated by solid lines are for ages of (top to bottom) 2.0, 2.5, 5.0, 7.0, 7.9, 10.0, and 12.6 Gyr. The dashed line is for an age of 1 Gyr. Alves & Sarajedini (1999) ; (2) This paper; (3) Mighell et al. (1998) ; (4) Piatti et al. (2001) b An error of 10% has been assumed in the reddenings.
c As determined by Piatti et al. (2000) adopting a reddening from Burstein & Heiles (1982) . The value in parenthesis is the result of adopting the Schlegel et al. (1998) reddening. Kron 28 0.27 ± 0.12 59.5 ± 3.6 54.8 ± 3.3 (0.14 ± 0.11) c 0.56 ± 0.04 52.1 ± 1.8 45.2 ± 1.7
Lindsay 38 0.51 ± 0.03 62.7 ± 1.9 62.7 ± 1.9 0.56 ± 0.04 61.3 ± 1.9 61.3 ± 1.8
Kron 44 0.49 ± 0.08 62.2 ± 2.7 59.6 ± 2.6 0.56 ± 0.04 60.2 ± 1.8 57.7 ± 1.8
a Calculated adopting the red clump absolute magnitudes in Column (2) and the Burstein & Heiles (1982) reddenings listed in column 5 of Table 2 . b Calculated adopting the red clump absolute magnitudes in Column 2 and the Schlegel et al. (1998) reddenings listed in column 6 of Table   2 . c As determined from Fig. 6 adopting the metallicity from Piatti et al. (2000) derived assuming a reddening from Burstein & Heiles (1982) . 
